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(3) SLM spectrometer. 

(57) A SLM spectrometer is provided that employs 
an entrance slit (40) or a collimator (42) to 
provide parallel rays of radiation to a prism (44) 
which disperses the incident radiation into an 
associated wavelength spectrum. The resulting 
spectrum from the prism (44) is incident upon a 
spatial light modulator (SLM) (46), such as a 
deformable mirror device (DMD). By selectively 
activating (or deactivating) a small portion of 
the surface of the SLM, i.e. a cell on the SLM, it 
is possible to selectively reflect or transmit a 
portion of the spectrum incident upon the SLM 
onto a focusing device, such as a parabolic 
focusing mirror (48). The focusing device in 
turn focuses the portion of the spectrum reflec- 
ted by the selected cells on the SLM to a sensor 
(50). The wavelength selected is a function of 
which row of ceils are activated (or deactivated) 
in the SLM. The SLM spectrometer of the pre- 
sent invention may be used to analyze visible 
light and light that is near visible, such as the 
near infrared or ultraviolet regions. The output 
of the sensor or detector may be appropriately 
amplified and after appropriate calibration em- 
ployed to determine the amount of energy in a 
particular wavelength or band of wavelengths. 
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BACKGROUND OF THE INVENTION 

This invention r lates to spectrometers, and mor 
particularly, relates to spectrometers employing a 
spatial light modulator (SLM), such as for example a 
deformable mirror device (DMD). 

Spectrometers function using the principle of dis- 
persion of light which occurs when rays of light are de- 
viated, typically by a diffraction grating or when re- 
fracted through a prism. Diffraction gratings behave 
optically like a multiplicity of very narrow individual 
slits which cause light rays to be deviated at angles 
depending upon the wavelength of those rays. 
Prisms cause dispersion of light since the angle of de- 
viation of a light ray as it passes through a prism is a 
function of its wavelength; this wavelength depend- 
ent angular deviation is due to the fact that optical ma- 
terials exhibit differing indices of refraction for differ- 
ing wavelengths. Spectrometer systems using a 
prism as a dispersing element have inherent advan- 
tages over those using a diffraction grating- type dis- 
persion element since they are more efficient in 
terms of light transmission and less troubled by any 
stray light. Accordingly, many existing designs of 
spectrometers employ prism-type dispersion ele- 
ments. 

In existing spectrometers, light transmitted 
through a slit is dispersed using a diffraction grating 
or prism. The dispersed light is then imaged onto a de- 
tection focal plane, which typically contains an array 
of minute photosensitive elements. Most spectromet- 
ers include a collimator to make ail the light rays inci- 
dent on the grating or prism parallel. Collimation is 
necessary to control aberrations which result when 
non-cotlimated light is transmitted through the dis- 
persing element. However, current spectrometers are 
relatively bulky instruments since the optical ray 
paths tend to be fairly long. In addition, current 
spectrometers require mechanical motion and rotate 
the dispersing element to scan wavelengths past the 
detectors. These mechanical motions cause vibra- 
tions and result in wear, which may cause alignment 
and/or calibration problems. 

These and other limitations and disadvantages of 
the prior art are overcome by the present invention. 
An SLM spectrometer is provided for measuring the 
amount of energy associated with various wave- 
lengths in a spectrum. 

SUMMARY OF THE INVENTION 

In a preferred embodiment of the present inven- 
tion, an SLM spectrometer is provided. More particu- 
larly, the spectrometer of the present invention em- 
ploys an entranc slit and/or a collimator to provide 
parallel rays of radiation to a prism, grating, or any 
other type of wav length dispersing element which 
disperses the radiation incident thereon into a spec- 



trum of wavelength of various orders. A spectrum re- 
sulting from th preferred prism (or other disp rsing 
element) is mad to be incid nt upon a spatial light 
modulator (SLM), such as a d formable mirror device 

s (DMD), a magneto-optic modulator, or a liquid crystal 
device (LCD). By selectively activating a small portion 
of the SLM, it is possible to selectively reflect or trans- 
mit a portion of the spectrum incident upon the SLM 
to a focusing device, which is preferably a parabolic 

10 focusing mirror othertypesof focusing devices, such 
as another type of mirror, a lens or lens system may 
be employed. The focusing device in turn focuses the 
portion of the spectrum reflected or transmitted by 
the activated portion of the SLM surface to a sensor 

15 or detector. Alternatively, the focusing device may fo- 
cus the portion of the spectrum reflected or transmit- 
ted by a deactivated portion of the SLM surface to a 
sensor or detector. Also, for some embodiments, the 
SLM and focusing device may be combined into one 

20 device. 

The SLM spectrometer of the present invention 
may be used to analyze visible light and light that is 
near visible, such as the near infrared or ultraviolet re- 
gions. The output of t he sensor or detector may be ap- 

25 propriately amplified and, after appropriate calibra- 
tion (using a known wavelength of known intensity), 
employed to determine the amount of energy in a par- 
ticular wavelength, or band of wavelengths. The par- 
ticular wavelength (or band of wavelengths) meas- 

30 ured by the detector is a function of the wavelengths 
in the spectrum from the preferred prism dispersing 
element that are incident upon the surface area "ac- 
tivated" (or "deactivated") in the SLM. In this manner, 
the SLM spectrometer of the present invention elim- 

35 inates the overall mechanical motion required of con- 
ventional spectrometers employing either rotating 
prisms or rotating gratings, i.e. those that must rotate 
the prism or grating to select the wavelength(s) 
measured by the detector. 

40 It is an object of the present invention to provide 

an SLM spectrometer. 

It is an object of the present invention to provide 
a spectrometer that does not require overall mechan- 
ical motion of the radiation dispersing elements once 

45 the dispersing elements are fixed relative to the radi- 
ation paths. 

Accordingly, these and other objects and advan- 
tages of the present invention will become apparent 
from the following detailed description, wherein refer- 
so ence is made to the figures in the accompanying 
drawings. 

IN THE DRAWINGS 

55 Figure 1 depicts a functional block diagram of 
components of an SLM spectrometer of the present 
invention. 

Figure 2 depicts a general arrangement of com- 
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portents of an SLM spectrom ter of the present inven- 
tion. 

Figur 3 depicts an alternative general arrang - 
ment of components of an SLM spectrometer of th 
present invention. 

Figure 4 depicts a general arrangement of the 
components of an SLM spectrometer of the present 
invention arranged for a transmissive analysis of a 
sample. 

Figure 5 depicts a general arrangement of the 
components of an SLM spectrometer of the present 
invention arranged for a reflective analysis of a sam- 
ple. 

DETAILED DESCRIPTION 

Referring now to Figure 1 , there may be seen a 
simplified functional block diagram of components of 
an SLM spectrometer 5 of the present invention. More 
particularly, there may be seen a collimator 10 that 
renders radiation 12 to be analyzed into a parallel 
beam 14 that falls upon a dispersing element 16. The 
dispensing element 16 disperses the parallel beam 
14 into a dispersed, linear wavelength spectrum 18 of 
various orders. Preferably, an order is selected for 
analysis that does not overlap with any other orders. 
The higher the order, the more dispersed the spec- 
trum becomes. A spatial light modulator (SLM) 20 is 
positioned to receive at least a portion of the selected 
order of wavelength spectrum on its active surface 
21. Although depicted as a reflective type SLM, the 
SLM 20 may be a transmissive or reflective type of de- 
vice. The SLM 20 contains an array of cells on its ac- 
tive surface 21 that may be selectively and individual- 
ly activated, and the array may be linear or aerial; 
these cells on the SLM 20 may be very small. The 
SLM of the present invention maybe, for example, but 
not limited to, a deformable mirror device (DMD), a 
liquid crystal device (LCD), or a magneto-optic mod- 
ulator, and may employ a linear or aerial array of such 
types of devices. 

The activated cell (or cells) of the SLM 20 trans- 
mit or reflect 22 that portion of the wavelength spec- 
trum 18 incident thereon. Alternatively, a deactivated 
cell (or cells) of the SLM 20 transmit or reflect 22 that 
portion of the wavelength spectrum 18 incident 
thereon. This selected portion of wavelength 22 is 
then focused by a focusing device 24 onto a focal 
plane 26. A detector 28 is positioned at the focal plane 
26 and receives the selected radiation 30. Once 
aligned for these paths of the radiation beams in this 
manner, these components may be locked into these 
positions. 

The signal from the det ctor 28 may be appro- 
priately amplified by an amplifier 30 and provided as 
an output 32, or preferably provided as an input to a 
proc ssor (which may be a microprocessor) 34. This 
processor 34 in turn may control or select which cells 



of the SLM are activated (or deactivated) and accord- 
ingly may combine the select d wav I ngth with the 
d tected signal to provid an intensity v rsus wav - 
length spectrum as an output 32. The processor pre- 

5 ferably contains appropriate software to control the 
SLM and make selected outputs. The processor 32 
may also contain software for analyzing and/or ad- 
justing the signals from the detector. 

Referring now to Figure 2, it may be seen that one 

10 embodiment of the SLM spectrometer of the present 
invention preferably employs an entrance slit 40 fol- 
lowed by an appropriate collimation lens, or lens sys- 
tem, 42 to ensure that the rays of radiation to be ana- 
lyzed that are passing through to the dispersing ele- 

15 ment 44 are converted to parallel beams prior to inci- 
dence upon the dispersing element 44. Although both 
a slit 40 and collimator 42 are depicted in Figure 2, 
either one may be employed without the other. 
In addition, it may be seen that an SLM spectrom- 

20 eter 6 of the present invention preferably employs a 
conventional prism as its dispersing element 44 to dis- 
perse the incident parallel radiation beam into a dis- 
persed, linear wavelength spectrum of various or- 
ders, where wavelength is determined by position 

25 within the linear range of the spectrum output from 
the prism. In addition, the dispensing power of the 
prism may be selected based upon the intended use 
of the spectrometer of the present invention. More 
particularly, when higher resolution is needed, a 

30 prism of higher indices of refraction may be employed 
and the spacing between the prism and SLM 46 in- 
creased to provide a physically increased wavelength 
spectrum at the SLM 46, and/or a higher order may 
be employed. Also several SLM's may be approxi- 

35 mately arranged and employed as an "extended 0 
SLM for such increased wavelength spectrums. 
Other dispersing means 44 may be employed, such 
as for example, but not limited to a reflection or trans- 
mission grating. The dispersed wavelength spectrum 

40 from the prism is made to fall upon a spatial light mod- 
ulator (SLM) 46, which is preferably a deformable mir- 
ror device (DMD). 

A DMD may consist of a linear or aerial array of 
micromirrors that may be selectively activated to ro- 

45 tate to preselected angles. U.S. Patent No. 
5,061,049, issued October 29, 1991, and assigned to 
Texas Instruments Incorporated describes some ex- 
amples of DMD's, such as the torsion beam DMD, 
and is incorporated herein by reference. Generally, 

so torsion beam DMD devices may have a no applied 
voltage, or resting state, a positive angle or deflection 
(resulting from the application of a positive voltage) 
and a negative angle or deflection (resulting from the 
application of a negative voltage). Other DMD mirrors 

55 may be such that the selected mirror (or mirrors) may 
be positioned at a variable and preselected angle 
based upon the application of a variable and pres - 
lected voltage to the mirror. Other types of SLM 46 
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devices may be employed instead of a DMD in th 
SLM sp ctr meter 6 of the present invention. 

The SLM spectrometer of the present inv ntion 
may be us d to anatyz visibl light and light that is 
near visible, such as the near infrared or ultraviolet re- 
gions. The output of the sensor or detector may be ap- 
propriately amplified and, after appropriate calibra- 
tion (using a known wavelength of known intensity), 
employed to determine the amount of energy in a par- 
ticular wavelength, or band of wavelengths. The par- 
ticular wavelength (or band of wavelengths) meas- 
ured by the detector is a function of the wavelengths 
in the spectrum from the preferred prism dispersing 
element that are incident upon the surface area "ac- 
tivated" (or "deactivated") in the SLM. In this manner, 
the SLM spectrometer of the present invention elim- 
inates the overall mechanical motion required of con- 
ventional spectrometers employing either rotating 
prisms or rotating gratings, i.e. those that must rotate 
the prism or grating to select the wavelength(s) 
measured by the detector. 

Referring now to Figure 3, another type of SLM 
90 employed in the SLM spectrometer 7 of the pres- 
ent invention may be a linear array of small optical fib- 
ers 92 (arranged side-by-side) disposed to receive 
the dispersed spectrum into one end (inlet) and pass 
their respective discrete portions of the spectrum out 
at the other end (outlet) to a detector 100. In addition, 
each optical fiber contains an optical shutter (or 
switch) 93 between the inlet and outlet ends. The opt- 
ical shutters or switches 93 are normally closed to 
block any radiation in their respective optical fiber 92 
from the detector 100, and are selectively opened to 
analyze the spectrum incident on the array of fibers. 
After the optical shutters 93, the optica! fibers are 
twisted and aligned to focus their respective output 
radiation onto the detector 100. An array of small liq- 
uid crystal devices (LCDs) may be positioned in a par- 
allel set of openings in the array of fibers and may be 
employed as the optical shutters. The absorption wa- 
velengths) of the type of optical fiber employed must 
be outside the wavelengths of the spectra of interest. 
For this embodiment, the SLM and focusing device of 
Figure 1 are combined into one device. 

The spacing between the SLM 90 and the prism 
80 is a function of the amount of dispersion of the 
prism (dispersion power) and the aerial extent of the 
active surface of the SLM, such as the size of the ar- 
ray of mirrors on a DMD device. More particularly, the 
spacing should be such that the total spectrum of wa- 
velengths desired to be analyzed exiting from the 
prism falls upon the active surface (or surfaces) of the 
SLM device (or devices). As noted hereinbefore, a 
plurality of SLM's may be configured as an "extend- 
ed" SLM and employ d to provide for increased reso- 
lution. A typical size of a DM D mirror is approximately 
12 microns by 12 microns, although other sizes may 
b made and employ d in the present invention. Ac- 



cordingly, depending upon the dispersing power of 
the prism and the prism to SLM spacing, a relatively 
narrow band of wavel ngths will b focused onto 
each activatabl portion of an SLM's active surfaces, 

5 such as a row of DMD mirrors. 

Thus, a row of DMD mirrors aligned with the opt- 
ical axis (of the prism) may be selectively activated (or 
deactivated) to cause the radiation incident upon the 
mirrors to bounce off the mirrors at an angle suff i- 

w cient to cause the light to be passed to a focusing de- 
vice, which is preferably parabolic focusing mirror. 
Other focusing devices, such as a lens, a system of 
lenses or optical fibers, may be employed in the SLM 
spectrometer of the present invention. Again the fo- 

1$ cusing device and SLM may be combined. In turn, the 
parabolic focusing mirror focuses the radiation from 
the activated (or deactivated) surface or row of mir- 
rors onto a sensor or detector. This detector in turn 
measures the intensity or amount of energy in this 

20 particular wavelength or band of wavelengths. Any 
conventional spectrometer detectors may be em- 
ployed in the SLM spectrometer of the present inven- 
tion. Preferably, any detector employed is as linear as 
possible over as wide a wavelength range as possi- 

25 ble, to provide a broadband spectrometer. However, 
known nonlinear portions of a detector may be com- 
pensated for by post-detection software. 

Accordingly, by selectively activating (or deacti- 
vating) each row of cells across the face of the SLM, 

30 it is possible to measure the presence or absence of 
energy at particular wavelengths, corresponding to 
the wavelengths incident upon the cell array. In this 
manner it is possible to generate a spectrum of wa- 
velengths and the energy associated with those wa- 

35 velengths. Again, the SLM of the present invention 
may be, for example, but not limited to, a deformable 
mirror device (DMD), a liquid crystal device (LCD), or 
a magneto-optic modulator, and may employ a linear 
or aerial array of such types of devices. 

40 The DMD is uniquely suited to this because of the 

very small size of the DMD mirrors. It is possible to 
select a very small portion of the radiation spectrum 
for intensity measurement by the detector. Currently 
available DMDs have at least 512 by 512 arrays of mi- 

45 cromirrors. Thus, the wavelength spectrum may be 
divided into at least 512 "bands" of wavelengths. In 
addition, a linear DMD having about 3.5 inches of ac- 
tive mirrors is also commercially available. By in- 
creasing or decreasing the "number" of active surface 

so areas on an SLM (for a given wavelength spectrum 
and spacing), it is possible to increase or decrease 
the resolution of the spectrometer of the present in- 
vention. The resolution may thus be easily selected 
for specific applications or uses of the spectrometer. 

55 However, as noted arlier herein, it is also possi- 

ble to select the wavelength resolution of th spectr- 
ometer by appropriate selection of the dispersing 
power of the dispersing element and the spacing be- 
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twe n the dispersing e) ment and th SLM. In addi- 
tion, to increase resolution, higher orders of spectra 
from the disp rsing element may be m ployed as the 
radiation spectra supplied to th SLM. Proper selec- 
tion of these variables may b made after the use of 5 
spectrometer (i.e. wavelength range and resolution 
desired) is known. 

It is further contemplated by the present inven- 
tion to couple the activation (or deactivation) of each 
of the rows of mirrors with a microprocessor (or proc- w 
essor) and to have the output of the sensor and/or de- 
tector digitized (preferably after amplification) and 
provided to the microprocessor. In this manner, a dig- 
ital spectrometer is provided such that the micropro- 
cessor controls and analyzes the energy level at the 15 
various wavelengths and provides as an output a wa- 
velength spectrum corresponding to that measured 
by the detector. The microprocessor may also expose 
the detector to the desired wavelength for a fixed but 
adjustable period of time, depending upon the inten- 20 
sity of the radiation, to provide an appropriate signal- 
to-noise ratio. 

Existing commercial and laboratory spectromet- 
ers use a relatively large rotating mirror (which vi- 
brates mechanically) to sweep the spectrum wave- 25 
lengths across the sensor. The deformable mirror de- 
vice, as the preferred SLM of the present invention, 
selects, with a very small mirror, the wavelength or 
band of wavelengths to be presented to the sensor. 
In this manner the SLM spectrometer of the present 30 
invention does not require any mechanical motion of 
the dispersing element to select the frequency to be 
scanned by the detector. More particularly, the SLM 
spectrometer of the present invention only has the 
electrical or mechanical movement of the activated 35 
(or deactivated) surface or cell of the SLM, which are 
preferably the micromirrors on the DMD. Thus, the 
SLM spectrometer of the present invention does not 
require motor driven mirrors or prisms with bearing 
surfaces which wear and change the calibration of 40 
the spectrometer. In addition, the SLM spectrometer 
of the present invention is not sensitive to such mech- 
anical vibration, since the dispersing element and 
SLM are fixed. Accordingly, the SLM spectrometer of 
the present invention is more sensitive (i.e., of higher 45 
resolution) and more rugged than conventional 
spectrometers that employ motor driven rotating mir- 
rors, prisms, or gratings. 

In addition, calibration of the SLM spectrometer 
of the present invention is performed by a fixed align- so 
ment of the various components. Other spectromet- 
ers require that moving parts be timed and/or tracked 
to know what wavelength (or frequency) is being 
measured. The SLM spectrometer of the present in- 
vention does not require periodic alignment of the 55 
spectrometer based upon such timing circuitry. It also 
has the capability to have its adjustments "locked- in" 
to reduce any chance of misalignment due to vibra- 



tions. Additionally, the spectrometer is not required to 
be recall brat d due to the w ar of moving parts. That 
is, the SLM spectromet r of the pres nt invention 
may be calibrated, locked in plac , and sealed. 

As is well known in the art, various materials may 
be identified by the frequencies of the visible and 
near visible light that they absorb. The composition of 
complex materials may be predicted by comparing 
the spectra from known samples to the spectra of un- 
known samples. Nondestructive analysis of the com- 
position of materials may be performed using a 
spectrometer of the present invention which is capa- 
ble of measuring visible and near visible light. 

The data from a digital spectrometer of the pres- 
ent invention may be employed as an input by a proc- 
ess control computer and the composition of the ma- 
terial predicted and controlled based upon this input. 

Spectrum analyzers employing the concepts of 
the present invention may be implemented forany fre- 
quency range which is reflected or transmitted by the 
selected SLM device and for which a suitable sensor 
may be employed. 

In addition, post-detection software in a proces- 
sor associated with the spectrometer or a separate 
processor may employ specialized software to ana- 
lyze the detected intensities versus wavelength. 
Such software may be so-called Hadamard software, 
which determines the wavelength content from vari- 
ous half-intensity measurements. That is half of the 
SLM is "activated" and supplies radiation to the detec- 
tor, then the other half is activated. Then combina- 
tions of two quarters are activated, then combinations 
of four eights, and so on. Software may also be em- 
ployed to compensate for known non-linear respons- 
es from the detector. 

The SLM spectrometer of the present invention 
may be employed as a col oro meter, with or without a 
processor and post-detection software. Coloromet- 
ers are used to monitor the color of food products to 
ensure a uniform color for the consumer. Post- 
detection software may also be employed to convert 
any detected spectra into spectra corresponding to 
that seen by the human eye. 

An infrared SLM spectrometer of the present in- 
vention may be particularly useful for detection of wa- 
ter content in various substances or compounds. For 
IR applications, the active surface of any reflective 
SLM device may need to be increased slightly to com- 
pensate for the longer IR wavelengths. 

Referring now to Figure 4 there may be seen a 
general arrangement of an SLM spectrometer of the 
present invention employed to analyze a sample in a 
transmissive mode. More particularly, it may be seen 
that there is a broad band wavelength lamp 400 
which emits a known wavelength spectra of known in- 
tensity which passes through the sample 410 to be 
analyzed. Such lamps 400 are commercially available 
and are typically incandescent lamps containing a 
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particular gas or mixtur of gas s. The radiation 
manating from the sampl 410 is then focused by an 
entrance si it 420 of th SLMspectrom terofth pres- 
nt invention onto th prism 430 after which it is ana- 
lyzed in the manner described earlier herein. 

Referring now to Figure 5 there may be seen a 
general arrangement of an SLM spectrometer of the 
present invention employed to analyze a sample in a 
reflective mode. More particularly, it may be seen 
that there is again a lamp 500 providing a known 
broad band spectrum of known intensity which is re- 
flected from a sample 510. The radiation reflected 
from the sample 510 is then focused by an entrance 
slit 520 onto the SLM spectrometer of the present in- 
vention where it is analyzed as described hereinbe- 
fore. 

Many other variations and modifications may be 
made in the apparatus and techniques hereinbefore 
described, by those having experience in this tech- 
nology, without departing from the concept of the 
present invention. Accordingly, it should be clearly 
understood thatthe apparatus depicted in the accom- 
panying drawings and referred to in the foregoing de- 
scription are illustrative only and are not intended as 
limitations on the scope of the invention. 



Claims 

1. A spectrometer comprising: 

a) a dispersing element for spectrally dispers- 
ing radiation from a light source; 

b) a spatial light modulator positioned to re- 
ceive at least a portion of the dispersed spec- 
trum from said dispersing element; and 

c) a detector for sensing the intensity of ener- 
gy in a wavelength determined by said spatial 
light modulator. 

2. The spectrometer of claim 1, further comprising 
a collimator. 

3. The spectrometer of claim 1 or claim 2, further 
comprising an entrance slit. 

4. The spectrometer of any preceding claim, where- 
in said spatial light modulator may divide the dis- 
persed spectrum into at least 51 2 bands of wave- 
lengths. 

5. The spectrometer of any preceding claim, further 
comprising a processor and wherein rows of said 
spatial light modulators may be activated and de- 
activated by the processor. 

6. Th spectrometer of claim 5 and further compris- 
ing a digitizer for receiving the output of said de- 
tector and providing a digitized for said processor 



by which the processor may activat andd acti- 
vat th rows of spatial light modulators in re- 
sponse to said digitiz d output. 

5 7. The spectrometer of any preceding claim, further 
comprising a focusing device for directing radia- 
tion form said spatial light modulators onto a pre- 
selected focal plane coincident with said detec- 
tor. 

10 

8. The spectrometer of claim 7, wherein said focus- 
ing device comprises a mirror. 

9. The spectrometer of claim 7, wherein said focus- 
15 ing device comprises a lens. 

1 0. The spectrometer of any preceding claim, where- 
in the dispersing elements comprises a prism. 

20 11. The spectrometer of any preceding claim, where- 
in the spatial light modulator comprises a deform- 
able mirror device. 

12. A method of analysing light, the method compris- 
25 ing the steps of: 

a) illuminating a sample to be analysed with 
light; 

b) spectrally dispersing light from said sam- 
ple; 

30 c) positioning a spatial light modulator to re- 

ceive at least a portion of the selected order 
of wavelength of said spectrum; 

d) modulating said portion of the selected or- 
der of wavelength of said spectrum to direct 

35 a desired frequency band onto a detector; 

e) detecting the intensity of energy in said fre- 
quency band. 

13. The method of claim 12 and further comprising 
40 the steps of: 

a) digitizing said detected intensity; 

b) receiving at a processor said digitized in- 
tensity; 

c) analysing said received digitized intensity; 
45 and 

d) activating and deactivating rows of said 
spatial light modulators in response to said 
analysis. 

50 
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